How might this impact on clinical practice?
► The findings in this study suggests a more interdisciplinary approach when dealing with patients with poly-vascular disease. ► Individuals with known CAD may benefit from PAD screening for early disease detection.
AbstrAct
Aim To describe the population of patients with previously diagnosed peripheral artery disease (PAD) experiencing a myocardial infarction (MI) and to investigate 1-year major adverse cardiac events (MACE: all-cause mortality, reinfarction, stroke and heart failure hospitalisation) following MI. [2] [3] [4] [5] [6] [7] The concurrent prevalence of PAD in patients with MI is uncertain; several studies have reported conflicting numbers ranging from 8% to 42% depending on diagnostic definition and methods. 4 5 8 9 The interest in the role of PAD in patients with CAD has lately been rising. A major contributor has been the Cardiovascular Outcomes for People Using Anticoagulation Strategies (COMPASS) trial, which showed that low-dose rivaroxaban two times per day plus aspirin decreased major adverse cardiac events (MACE) compared with rivaroxaban or aspirin alone in patients with PAD. 10 Nonetheless, contemporary real-life data from large samples regarding the clinical characteristics of MI patients with PAD remain scarce. We aimed to describe the baseline and clinical characteristics in the population of patients with PAD experiencing an MI, to analyse adverse outcomes following MI, and to investigate prescriptions of guideline-based secondary preventive medical therapies in this patient group using a nationwide contemporary population-based registry.
MetHodS

Study sample
This observational follow-up study included all patients presenting with an ST-segment elevation MI (STEMI) or non-STEMI (NSTEMI) between 01 January 2005 and 31 December 2014 with and without a concurrent PAD diagnosis. The patients were identified and included from the Swedish Web-system for Enhancement and Development of Evidence-based care in Heart disease Evaluated According to Recommended Therapies registry (SWEDEHEART). PAD was defined as having an electronic healthcare record of ICD-codes (10th version: I70-73; ninth version: 440-443) before baseline. In total, 4213 MI patients with a previous PAD diagnosis (prevalence: 3.8%) were compared with 106 763 MI patients without a previous PAD diagnosis.
national registries SWEDEHEART consists of several subregistries and the ones used in this study includes the Register of Information and Knowledge About Swedish Heart Intensive Care Admissions, which has information from coronary care units throughout the country, and the Swedish Coronary Angiography and Angioplasty Registry 11 that provides data from all catheterisation labs in Sweden. The merged SWEDEHEART registry simplifies the transferring of information between hospitals and avoids repeated entering of data in different registries as well as making high-quality data available for research purposes. The registry contains clinical information on all patients in Sweden who are treated at coronary care units, who undergo coronary angiography and percutaneous coronary interventions. Data include risk factors, past medical history, treatment during hospitalisation, discharge medications and final diagnoses. SWEDEHEART can also be connected to other registries using the unique personal number given to all Swedish citizens. We linked SWEDEHEART with the National Population Register to assess vital status and date of death, and the National Patient Registry to ascertain PAD status and comorbidities through ICD-10 diagnostic codes. The personal numbers are replaced by a serial number to ensure anonymity. 11 endpoints The primary endpoint was 1-year MACE defined as all-cause mortality, rehospitalisation for MI, hospitalisation for stroke and hospitalisation for heart failure. Secondary endpoints were individual components of the primary composite endpoint at 1 year and hospitalisation for major bleeding (fatal, cerebral or bleeding requiring surgery or transfusion, defined by ICD-9 (430, 431, 432, 578, 285B, 456A, 531A, 531C, 531E, 531G, 532A, 532C, 532E, 532G, 533A, 533C, 533E, 533G, 534A, 534C, 534E, 534G and 569D) and ICD-10 (I60, I61, I62, D629, I850, K226, K250, K252, K254, K256, K260, K262, K264, K266, K270, K272, K274, K276, K280, K282, K284, K286, K290, K625, K920, K921 and K922) codes).
Statistical analysis
Continuous variables are expressed as means with SD and differences between groups were compared using Student's t-test. Categorical variables are expressed as counts and percentages and differences between groups were analysed using the χ 2 test. Endpoints in patients with and without PAD were calculated using the Kaplan-Meier survival estimator and log-rank tests were used to calculate the differences between the groups. For reinfarction, we used a 30-day blanking period post-discharge to avoid early follow-up visits misclassified as new MIs. HRs with 95% CIs were calculated using univariable and multivariable Cox proportional hazard models. Multivariable models were adjusted for potential confounders in three models. The first model adjusted for age and sex. The second model adjusted for age, sex and comorbidities including atrial fibrillation, CAD presentation (angiographic findings and presenting symptoms), diabetes, smoking, hypertension, stroke, MI, previous percutaneous coronary intervention (PCI), previous coronary artery bypass graft (CABG), heart failure, renal failure, chronic obstructive pulmonary disease and previous bleeding. The final model adjusted for all of the above and additionally guideline-based medical therapy (dual antiplatelet therapy (DAPT), ACE inhibitor or angiotensin II receptor blocker (ACEi/ARB), beta-blockers and statins) as well as management with PCI and CABG and only included hospital survivors. The count and percentage of missing data were reported for each variable. All p values were two-tailed and a value of <0.05 was considered statistically significant. All analyses were performed using STATA V.14.0 and SPSS V.25.
ReSultS
Patient characteristics
Baseline characteristics for MI patients with and without PAD are outlined in table 1. The prevalence of PAD was 3.8% (4213/110 976). Patients with PAD were older (mean 73 vs 67 years, p<0.001), and had a heavier smoking history (more previous smokers and current smokers) (p<0.001). Moreover, a larger burden of comorbidities was seen in PAD patients, with higher prevalence's of diabetes, hypertension, hyperlipidaemia, previous MI, previous stroke, heart failure, renal failure, chronic obstructive pulmonary disease and previous bleeding (all p<0.001). 
Clinical findings and presentation
The laboratory findings, clinical presentations, ECG changes and procedural characteristics during hospitalisation for MI patients with and without PAD are outlined in table 2. The laboratory findings showed that patients with MI and PAD had higher levels of C reactive protein and creatinine and lower levels of haemoglobin. Patients with PAD were more likely to present with dyspnoea compared with patients without PAD. They also had slightly lower blood pressure and higher heart rate compared with the non-PAD group at presentation. Moreover, the PAD group experienced more NSTEMI than STEMI, and their presenting ECG showed more atrial fibrillation or flutter and more bundle branch block. PAD patients had more severe CAD with more multivessel and left main disease on the angiogram and they had lower left ventricular function. The PAD group were less often revascularised with PCI or CABG compared with the non-PAD group. All differences presented have a p value of <0.05.
discharge medications
Patients with MI and PAD were less frequently discharged with DAPT as seen in table 3. In contrast, these patients were more often discharged with anticoagulants, such as warfarin, as atrial fibrillation was more common. There were no clinically relevant differences in prescriptions of ACEi/ARB, beta-blockers or statins. MI and PAD patients more often received digoxin and diuretics.
Clinical endpoints
The primary endpoint of 1-year MACE occurred significantly more frequently in the PAD group compared with the non-PAD group with an unadjusted HR of 2.65 (95% CI 2.52 to 2.78) ( Coronary artery disease dISCuSSIon To the best of our knowledge, this is the largest registry study to date investigating the baseline and in-hospital characteristics including procedures, discharge medication as well as 1-year MACE following MI in a population with established PAD. Our main findings were significant associations between PAD and higher 1-year rates of MACE, mortality, reinfarction, stroke, heart failure and bleeding following MI. After adjustments for baseline differences including age, comorbidities and guideline-based secondary preventive medical therapies, the HR was lowered but independent statistically significant associations between PAD and higher occurrence of all endpoints Figure 1 (A-F) Kaplan-Meier survival curves showing the crude 1-year estimates of MACE (mortality, reinfarction, stroke and heart failure), mortality, reinfarction, stroke, heart failure and bleeding rates in an MI population with and without PAD. MACE, major adverse cardiac events; MI, myocardial infarction; PAD, peripheral artery disease.
remained, indicating a high risk accompanied with PAD after MI.
Patient characteristics and clinical presentation
The prevalence of previously diagnosed PAD in the MI population was 3.8% in our study, which is lower than what previous studies have reported. 4 5 8 9 Two other studies found the PAD prevalence to be 8.2% and 13.5% in study populations of 28 771 and 4480 subjects, respectively, were relatively small-scaled compared with our study population (n=110 976). The highest prevalence of 40% 8 and 42% 9 were found in even smaller studies with 100 and 952 subjects correspondingly. The latter studies were the only studies that defined PAD by measuring the ankle-brachial index of the subjects in the clinical settings. The large differences between symptomatic PAD and PAD defined by screening with ankle-brachial index are likely explained by the relatively long subclinical asymptomatic phase of PAD before the disease manifests itself clinically. A systematic review by Fowkes et al, 12 pooling a total of 112 027 participants, found the prevalence of PAD in the age range between 55 and 79 years to be roughly 9.5%. Taken together, the relatively low PAD prevalence in our study reflects symptomatic PAD that has led to a clinical diagnosis, which is vastly different from subclinical PAD.
We found that patients with PAD had more cardiac risk factors, such as smoking, hypertension, hyperlipidaemia and diabetes, and were generally more comorbid, which is in accordance with previous Coronary artery disease research. 2 7 8 A slightly lower blood pressure was seen in the PAD population; however, since blood pressure was measured peripherally, there is a possibility of false low levels due to subclavian disease in this population. Patients with PAD had higher rates of previous PCI and CABG at baseline and higher rates of CABG but lesser rates of PCI during MI hospitalisation, indicating more advanced coronary heart disease. This is further corroborated by the angiographic findings with more multivessel and left main disease in the PAD population. Our results are supported by a study that found PAD associated with more previous revascularisations. 2 Further supporting our study, results from the OPUS-TIMI study showed that PAD patients more often had severe CAD and subsequently underwent more CABG compared with PCI. 7 discharge medications The PAD population was less likely to be treated with DAPT at discharge, but they were more often prescribed warfarin in line with an increased prevalence of atrial fibrillation. Newer studies have implicated that antithrombotic medications, such as ticagrelor and clopidogrel, could be advantageous as supplementing therapies in reducing the risk of cardiovascular events in patients with PAD. 10 13 14 The COMPASS PAD trial 10 concluded, for the first time, the use of rivaroxaban (2.5 mg two times per day) and aspirin as superior treatment compared with aspirin alone with reduced rates of adverse cardiac events. Another recent antithrombotic treatment alternative is prolonged treatment with low-dose ticagrelor (60 mg two times per day), which has had promising results published with regard to MI patients with concomitant PAD. 13 Yet again, these studies were published after our study period and thus, the indications were not approved during our study's time frame. endpoints A prospective study by Grenon et al 2 including 2018 patients with stable CAD concluded an HR of 1.8 (95% CI 1.2 to 2.7) of death and an HR of 1.7 (95% CI 1.0 to 2.9) for cardiovascular events for MI patients with PAD compared with MI patients without PAD. In our study, the corresponding HRs were 1.6 and 1.4, respectively. The difference is likely explained by the different definitions of cardiovascular events compared with our term MACE. Cardiovascular events in the mentioned study were defined as stroke, transient ischaemic attack, heart failure, MI, revascularisation and death. Furthermore, their adjustment model included race, self-reported history of PAD, inflammatory biomarkers, glycaemic control and health behaviours. Various other studies confirm the increased mortality seen in our study: a follow-up study by Dinser et al 15 investigating 4307 patients with incident acute myocardial infarction (AMI) found the mortality HR (follow-up 5.7 years) to be 1.70 (95% CI 1.35 to 2.13) in the PAD population. Moreover, a study consisting of 4480 patients hospitalised for AMI by Spencer et al 5 found a 1-year mortality OR of 2.00 (95% CI 1.58 to 2.52).
The association between PAD and stroke has previously been described 16 and our results corroborate this link, suggesting that the more arterial beds affected the more likely it is that an additional atherosclerotic vascular event will occur.
Patients with PAD had a higher risk of being hospitalised for heart failure following MI. In accordance with our results, a meta-analysis established PAD as an independent predictor of adverse outcomes in patients with heart failure following MI. 4 Both PAD and heart failure are associated with a high morbidity burden. As previously shown, patients with heart failure have a higher prevalence of PAD and present with worse clinical outcomes. 17 The treatment of PAD also includes exercise, 18 which can present as a challenge in patients with heart failure due to decreased exercise capacity. 19 Thus, this vulnerable population with three severe diagnoses, PAD, MI and heart failure, represent a particularly challenging clinical scenario.
A study by Baumann et al 20 investigating the bleeding risk profile and HAS-BLED scores found that patients with PAD had higher risk of bleeding complications compared with the general population. We observed the same pattern in our population. Ischaemic risk and bleeding risk often increase in parallel, which our study also suggests is the case in PAD.
Clinical implication MI patients with concomitant PAD are undoubtedly a high-risk population with a high prevalence of cardiac risk factors, challenging comorbidities and more severe CAD. There is an urgent need of a more interdisciplinary approach when dealing with this patient group. In the new guidelines of PAD management, it is pointed out that patients with CAD should be considered for PAD screening. After highlighting the various different PAD prevalences reported in our and others' studies, we agree that PAD screening should be considered in selected patients with a high likelihood of subclinical PAD in order to diagnose the disease early, and subsequently optimally tailor the treatment and provide these patients with newer efficacious medical treatment alternatives.
limitations All patients in our study have previously received an electronic code of PAD and this study, therefore, only entails those with a diagnosis of clinically manifested PAD. Some patients may have been excluded in the study due to various reasons relating to known limitations of registry-based studies. These include, but are not limited to, subclinical disease and underdiagnosis, patients solely managed in the primary care setting and misclassifications of ICD diagnosis codes. Accordingly, we did not have data on the severity of PAD in the population as we had no information on ankle-brachial indexes or other PAD related measurements. 
ConCluSIon
In this contemporary nationwide population-based study, MI patients with concurrent PAD constituted a high-risk population that was independently and significantly associated with higher risks of MACE, all-cause mortality, reinfarction, stroke, heart failure and bleeding after MI. These patients remain a challenging patient population and there is an urgent need of a more interdisciplinary approach to improve the management of these patients. Moreover, the prevalence of PAD in this study was low compared with previous research. Future studies should investigate if PAD screening with ankle-brachial index may combat underdiagnosing, which subsequently could lead to more patients being treated with novel efficacious treatments to alleviate the increased adverse outcomes of polyvascular disease.
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